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PREGNA-1, 4-DIENE-3 , 20-DIONE-16-17-ACETAL-21 ESTERS 



The present invention has as its object to 
present pharmacologically active compounds and a process 
for the obtainment of said compounds and their 
intermediates. The invention also describes 

pharmaceutical compositions containing the said compounds 
and their use in the treatment of inflammatory 
conditions . 

The purpose of the invention is to provide in 
addition certain glucocorticoids which have a combination 
of high anti-inflammatory activity at the application 
site and a low systemic glucocorticoid activity. 

Since Kendall and Reichaten discovered the 
efficacy of cortisone in the treatment of rheumatoid 
arthritis (which earned them the Nobel prize) , efforts 
have been multiplied to determine the basic structure 
responsible for the glucocorticoid effect and, likewise, 
its metabolism and mechanism of action. Since that time 
there have been numerous different synthetic materials 
which improve on the activity potential of the first 
product identified. 

The clinical efficacy of the corticosteroids 
has resulted in their isolation, identification, and 
synthesis. The manipulation of their basic structures 
has permitted a vide variety of synthetic analogs, in 
which there has been an ongoing search for greater 
efficacy and an increase in the therapeutic 
effect/adverse systemic reaction ratio. 

The toxicity effects have not been diminished, 
and it is important in this regard to point out that the 
corticosteroids are products with a clear pharmacologic 



effect, but with a strong power of accumulation in 

P various tissues, which may pass unnoticed until the 

abrupt occurrence of a catastrophe. 

In all the products studied, the therapeutic 
5 effects and the effects on the protein and carbohydrate 

metabolism have appeared concurrently, giving the 
impression that the effects sought and the adverse 
reactions are mediated by the same type of receptors, and 
that these receptors are identical for all 

10 corticosteroids . 

Changes in molecular structure may cause 
variations in biologic activity of the corticosteroids, 
as a consequence of changes in absorption, protein 
binding, metabolism, excretion, bioavailability, and 

15 intrinsic activity in the biophase. 

The introduction in the 50' s of systemic 
corticosteroids for the treatment of asthma constituted 
a milestone that was overshadowed by the appearance of 
side effects. This fact led to the sue of 

20 corticosteroids by inhalation, since it was thought that 

by reducing the quantity of drug necessary to control the 
symptoms, it would in turn be possible to reduce the side 
effects. The first corticosteroid preparations developed 
in aerosol form were accompanied by varying efficacy and 

25 systemic side effects. 

The appearance of high-activity derivatives 
permitted the preparation of topical f ormulations , with 
a high relative activity, combined with a low systemic 
action. There are two reasons for this behavior: 1) 

3 0 although the products can be absorbed topically, they are 

rapidly metabolized to less active forms; 2) the doses 
recommended are those which do not produce a systemic 



effect, not suppressing the hypothalamo-pituitary-adrenal 
axis within the therapeutic range used. 

The corticosteroids used in aerosol form that 
have shown a highly positive effect are: beclomethasone 
dipropionate, betamethasone valerate, budesonide, 
flunisolide, and triamcinolone acetonide. 

This philosophy of attempting to separate the 
local from the systemic effects has prompted the 
investigation of a series of corticosteroid derivatives 
with a distinct topical action and little or no systemic 
effect. 

The goals of this series are decisively 
affected by the following factors: 

a) High concentration in biophase (pulmonary or 
cutaneous superficial receptors) 

b) Little topical absorption 

c) Little gastrointestinal absorption 

d) High sensitivity to hepatic oxidases and other 
inhibitory enzymes 

e) Short half-life 

f) Low intrinsic or systemic activity 

It has been the purpose of this invention to 
approximate as closely as possible that drug in which all 
of the preceding factors merge together to produce the 
ideal topical corticosteroid, in the knowledge that 
despite its drawbacks, this therapeutic agent continues 
to have a great future ahead of it. 

A plan has been devised to find certain 
corticosteroid derivatives which combine intense topical 
pharmacologic activity with no or minimal systemic 
effects . 



In the synthesis of 16, 17-acetals of 
corticosteroids a mixture of epimers is obtained in 
relation with the formation of a new asymmetric center at 
C-22. The separation of the two epimers takes place 
through column chromatography (LC) or preparative HPLC 
techniques, which makes it difficult to apply 
industrially due to the limited quantities of product 
that can be treated in each unit process. In the process 
presented here, one of the epimers (22S)- (the most 
active epimer) is obtained through the hydrolysis- 
ketalization process from esters formed on the C-16, C- 
17, and C-21 hydroxyls, wherein the ester at C-21 does 
not undergo hydrolysis. According to the catalyst 
selected it is possible to choose between obtainment of 
the mixture of epimers (22R,S)- or the selective 
obtainment of the (22S)- epimer. No process of this type 
has been described. European Patent Application No. 0 
164 636 offers a process of transketal ization from 
acetonides by conversion of these acetonides into acetals 
in the presence " of aldehydes and hydrofluoric or 
hydrochloric acid in aqueous medium. Basically, 
hydrofluoric acid is used at temperatures generally 
ranging between 0 and -30* C, obtaining epimers of the 
acetals formed. No further references which describe 
selectivity toward one epimer or the other have been 
found . 

The process that is the object of the invention 
offers [the possibility of] obtaining the (22SJ- epimer 
or (22R,S)- mixtures of acetals from triesters previously 
selected while maintaining the desired radical at C-21, 
with these esters being easy to obtain. The process is 
performed at room temperature, using solutions of dry HCl 



-5- 



in anhydrous organic solvents. Obtainroent of the R 
^ epimer is handled by preparative HPLC chromatography 

starting with the (22R,S)- Mixture. 

The steric hindrance of the acyl radical 
5 introduced and specific catalyst, makes difficult the 

formation of the ( 22RJ - epimer. If the catalyst selected 
is extremely active, mixtures of those isomers are 
obtained. This hinderance characteristic is accompanied 
by an increase in reaction time, but does not cause a 
10 deterioration in formation of the final product by 

hydrolysis, secondary reactions, etc., under the 
conditions according to which the process, takes place. 

The process does not use highly corrosive or 
dangerous reagents, as is the case with hydrogen 
15 fluoride, nor extreme temperatures (below zero) , features 

that are more useful for production at the industrial 
level . 

The compounds according to the invention are 
characterized by the formula: 
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R n represents the following radicals: 



-CHr-CHr-CHr-CXi , CH-OTj , -Of -Cfff-Cff, 
Of. C8j 



[and] R 2 represents the radicals 



- c - or, , - c- or -cs, 



and for the formula : 




(II) 



-7- 



R., represents the radicals: 

•CH 2 -CH 2 -CH 2 -CH : , -CH -CH 2 -CH 3 , 

CH 3 




R n represents the radicals 

O 0 

// // 
-C -CH 3 ,-C -CH -CH 3 

CH, 



Each one of these compounds can exist in „• 

forms which , ° dlaste ^oisonieric 

... v cordxng to the general formulas (I) and (II) 

Will hp RWnhAl «~ j ~ - _ UA '1 



will be symbolized as foil 



ows 



CH 2 -0-R 2 




(III) 
(Epimer S) 
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(IV) 
(Epimer R) 




CH o 0-R, 




(VI) 
(Epimer R) 



In the diasteroisomers (III), (IV), (V) and 
(VI), the different configuration corresponds to C-22 
(asymmetric carbon). These diasteroisomers are 
named as S and R epimers. 

The compounds of this invention are prepared by 
hydrolysis-ketalization — with a suitable adequate 
catalyse which will be indicated in the corresponding 
cases — from the compounds triesterif ied at C-16, C-17 , 
and C-21, whose structure is indicated below: 

CH^-OR 




(VII) 



(VIII) 



in which R corresponds to an acetyl or isobutyl radical. 

The intermediate compunds of formula (VII) and (Vlll)are 
prepared from their corresponding hydroxylated 
derivatives by acylation of the appropriate anhydride in 
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basic medium. These derivatives correspond to those with 
esterified hydroxyls on the carbons C-16, C-17, and C-21. 
The hydroxyl on carbon 11 is not esterified under the 
conditions whereby acylation takes place; only with 
certain anhydrides are small quantities on the order of 
1% produced, which are treated as impurities and as such 
are eliminated during purification. If the quantity of 
anhydride present in the reaction is controlled, the 
ester formed on the hydroxyl of C-ll is produced in trace 
amounts. Thus, the number of moles of the corresponding 
anhydride should not exceed 25 times the number of moles 
of corticosteroid, so that acylation does not take place 
on the C-ll hydroxyl or is as restricted as possible, as 
has been indicated previously. The temperature of the 
reaction is another important factor, and the ideal 
conditions for acylation of the C-21, C-16, and C-17 
hydroxyls are temperatures in the 15-45*C range. Above 
this temperature, a larger proportion of tetraacy lated 
product may be obtained. 

The reaction time should not exceed four hours, 
and the proper time for the majority .of the 
corticosteroids and anhydrides used is from 1.5 to 2 
hours. 

Pyridine, dioxane, or DMSO are preferable as 
solvents over other possible products to obtain a greater 
solubility and, in particular pyridine is the most 
appropriate because of its intrinsic basic character. 

Once acidified and extracted with organic 
solvents immiscible with water, the reaction mixture is 
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concentrated, washed, and recrystallized to obtain the 
corresponding compound, acylated on the C-16, C-17, and 
C-21 hydroxy Is. 

Purification by the washing and 
recrystallization method used gives a purity greater than 
95%, which is useful for application as an intermediate 
product in the process for formation of the acetal 
according to the procedure that is the object of the 
invention. 




where R - -CH,, 



-CH-CH. 



and X 1= X 2 = H or F 
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The compounds 

~*4-<*ci' * "by the formulas (I), as IIXtIV, (II) , 
rcprcseiU'vu " 

as V-f-VT, (III) and (\r) a " obtained by hydrolysis of 
the esters at C-l6 and C-17 with hydrochloric acid dissol. 
ved in the solvent which is used as a vehicle Tor the 
reaction in anhydrous medium and with a specific catalyst 
to direct the ketalization reaction toward the S epimer 
or mixture of the R and S epimers in the 

presence of the corresponding aldehyde. 



The solvents generally used are: dioxane, 
methylene chloride, and chloroform, all anhydrous. 
However, dioxane is the most widely used for this type of 
reaction. The selection of the solvent has a bearing on 
the proportion of epimers in the mixture, as milder 
catalyses direct the reaction toward the production of a 
single epimer, while more active catalysts provide a 
mixture of isomers that approximates the ratio of 1/1 . 
The selection of the solvent may slightly alter this 
proportion. According to the epimer ratio 

characteristics that it is desired to obtain, the 
catalysts used are p-toluensulfonic acid, yielding the S 
epimer as the major product in a yield of 98-99%, and 
perchloric acid in 70% solution in glacial acetic acid, 
yielding a mixture of both R and S epiners in a ratio of 
40/60 without distinction. 

On conducting the reaction without catalysis, 
the reaction times are greatly lengthened, and therefore 
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it is not practical to carry out the reaction under these 
conditions; in addition, a larger quantity of impurities 
is obtained. In this case, one of the isomers, the S 
epimer, would be obtained, present as the major portion 
5 in comparison to the R epimer. 

The reaction is carried out on C-16 and C-17 
esters by hydrolysis in the presence of hydrochloric 
acid, with subsequent reaction of the aldehyde in these 
positions, to form the corresponding acetal. Therefore, 
10 selective hydrolysis takes place, since the ester formed 

at C-21 is not hydrolyzed under the conditions mentioned, 
so that the triester should be chosen in order to keep 
the radical which is of interest at C-21. 




CH o -0R 
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in which R corresponds to an acetyl or isobutyl radical. 
R, represents the following radicals: 



cHj ca, 



Similarly for the formula (VIII) 



oo 
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in which R corresponds to an acetyl or isobutyl radical. 
R represents the following radicals: 



-CH 2 -CH 2 -CH 2 -CH 3 , -CH-CH 2 -CH 3 , 

CH 3 

The reaction is conducted at room temperature 
(10-20 - C) , provided that the solubility of the triester 

5 used permits it. Temperatures above 25 *C activate 

secondary reactions and the partial deacylation of C-21. 

The reaction time fluctuates between 100 and 
200 hours, depending on the starting corticosteroids, the 
acylating agents, and the aldehydes used, and it is 

0 necessary to reach an equilibrium between the maximum 

formation of the epimer or mixture of epimers and the 
secondary reactions that occur. 

Once the excess acid has been neutralized, the 
crude [produce] is extracted with methylene chloride, and 

13 the organic phase is separated, then concentrated under 

vacuum. The product is crystallized from ethyl 

ether/petroleum ether and is finally purified by 
treatment in a chromatographic column with LH-20 or LH-fir 
Sephadex as a stationary phase and a mixture of organic 

0 solvents, e.g. heptane/ethanol , or a mixture of organic 

solvents and water, in proportion which may range between 
90/10 and 98/2 for heptane/ethanol and 70/30 for 
ethanol/water, as a mobile phase. There may also be 
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subsequent purification procedures involving washing or 
reprecipitation with solvents such as methanol, ethanol, 
acetone, dioxane, ethyl acetate, water etc. By using 
these one at a tine or in binary or ternary mixtures such 
as dioxane/water or ethanol/acetone/water in appropriate 
proportions, purification son the order of 99.5-99.9% are 
obtained. Thus in our case, we achieved a purification 
process with ternary mixtures of ethyl 
alcohol/acetone/vater which, by dissolution of the 
product in organic solvents and subsequent precipitation 
by addition of the corresponding proportion of water 
under very specific, very vigorous agitation conditions 
and very slow addition time, among other factors, results 
in purification from an 85-90% starting point to 99.99% 
purity. 

Purification by column chromatography is not 
suitable for industrial production. In this type of 
operation there are usable fine industrial purification 
methods which make the obtainment process for this type 
of compound very complete. 

Depending on the application site, and with the 
purpose of achieving optimal availability of the active 
ingredient, different galenical formulations have been 
prepared for topical administration of the compounds 
according to this invention. 

Optimal availability for percutaneous 
formulations is achieved with a system of glycol-based 
solvents (propylene glycol and 1 , 3-butanediol ) alcne or 
in combination with water. It is also possible to 
dissolve the steroids completely or partially in a 
lipophilic phase, with the aid of a surfactant as a 
solubilizer. Percutaneous compositions come in the form 
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of ointments, oil-water cream, water-oil cream or lotion. 
The active principle may be present in the previous 
pharmaceutical compositions in solution, in continuous 
dispersed phase, or as micronized solids. 
5 The aerosol system is designed in such a way 

that each delivered dose contains 10-1000 ^9 (preferably 
20-250 fig) of the active steroid. The most active 
steroids are administered in the lower part of the dosage 
range. The micronized steroid must be in particles 
10 substantially smaller than 5 /xm. In the pressurized 

aerosol, the substance is suspended in a propellant gas 
mixture with the assistance of a dispersant, such as 
sorbitan trioleate, oleic acid, lecithin, or sodium salt 
of dioctylsulf osuccinic acid. 
15 The invention will be further illustrated by 

the following non-limitative examples. The molecular 
weights of the corresponding products have been confirmed 
by mass spectrometry, and the melting points 
(uncorrected) determined with a Buchi unit. The HPLC 
20 analyses were performed under the following conditions: 

Apparatus: Hewlett-Packard 1084 A 

Detector: UYD (24 3 run vx. 4 30 nm) 

Column: 2C0 x 4 . 6 mm 

Stationary phase: Lichrosorb C18 (5 /im) 
25 Mobile phase: Ethanol : Water (0.5 ml/min) 

Temperature: 3 5 *C 

Injection: 5 /il ethanol sol. at 2 mg/ml 
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SYNTHESIS OF TRIACYLATED DERIVATIVES AT 



C-16. C-17. AND C-21 



EXAMPLE I 



Preparation of pregna 1, 4-diene-3 , 20-dione, 
16 , 17 , 21-tris-(2-methyl-l-oxc-propoxy) 
-11-hydroxy (lip, 16a) 

30 ml pyridine and 21.6 g isobutyric anhydride 
(equivalent to 0.13 moles) are placed in a 500 ml reactor 
equipped with mechanical agitation; while agitating 
vigorously, 10 g (0.026 mole) pregna-1 , 4-diene-3 , 20- 
dione, 11 , 16 , 17 , 21-tetrahydroxy (ll£,16a) are added 
gradually in portions at room tenperature. The 
corticosteroid addition time corresponds to approximately 
25-30 min. Once the said corticosteroid has" been 
dissolved at room temperature, agitation is continued for 
a period of time ranging between 1.5 and 2 hr until 
esterif ication of the hydroxyls at C-21, C-16 and C-17 is 
complete. Upon completion of the reaction, 150 ml of a 
10% aqueous solution of HC1 are added, and agitation of 
the reaction mixture is continued for 30 min.; 
subsequently, the said mixture is treated three times 
with the 88 ml methylene chloride in order to extract the 
triester, and the organic phase is washed three times 
with 100 ml water each tir,e ) dried over anhydrous 
magnesium sulphate Tor 12 hours and concentrated under 
vacuum in a rotary evaporator, and produces a crude pro. 
duct which is treated with 50 ml ethyl ether and 200 ml 
petroleum ether (fraction 40/60). Agitation of the pre- 
cipitate obtained is continued for 1 hr . , and finally 
the product is filtered and recystallized with petroleum 
ether ( 40/6oj/ethyl ether 
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4/1, obtaining a yield of 13.3 g and a purity of 97.5- 
P 98%. 

TLC; Toluene/ethyl acetate 30/40, Rf = 0.61, 

EXAMPLE II 

5 Preparation of pregna 1 , 4-diene-3 , 20 dione- 

16, 17, 21-tris- (2-methyl-l, oxo-propoxy) -6,9- 
difluoro- 11 -hydroxy (6a, 11/?, 16a) 

80 ml pyridine [and] 19.2 g (0.12 mole) 
isobutyric anhydride are placed in a 500 ml reactor, and 

10 gradually, with the reaction mixture maintained at 40'C, 

10 g (0.024 mole) pregna-1 , 4-diene-3 , 20-dione, 6,9- 
difluoro-11, 16,17, 21-tetrahydroxy (6a, 110, 16a) are 
introduced in such a way that no further quantity is 
added until the previous portion has dissolved. The 

15 fluocinolone dissolution time is equivalent to 

approximately 2 hr. Once dissolved, agitation of the 
solution is continued for 3 hr. at 40 # C. The TLC of the 
reaction mixture indicates when all of the corticosteroid 
has reacted. Once the indicated time has elapsed, the 

20 product is cooled and 80 ml of an aqueous solution of 10% 

hydrochloric acid ar added after cooling has been 
achieved. The reaction mixture is extracted 4 times with 
40 ml chloroform each time, the chloroform extract is 
washed 4 times with 4 0ml water, and the extract is dried 

25 over MgS0 4 . It is then brought to dryness in a rotary 

evaporator, and precipitated and recrystallized with 
ethil ether petroleum ether (40/60 fraction), obtaining 
a yield of 12,1 g and a purity of 95%. 
TLC solvent: toluene/ethyl acetate 30/40, Rf = 0.48. 



-i 



m 
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EXAKPLE III 



Synthesis of pregna 1 , 4-diene-3 , 20-dione, 
Jl 0 16 , 17 , 21-tris- (acetyloxy ) -11-hydroxy- (11/9 , 16a) 

In a 500 ml reactor equipped with a mechanical 

agitator and addition funnel, 10 g (0.026 mole) pregna- 

l,4-diene-3, 20-dione, 11, 16, 17 , 21-tetrahydroxy (110, 16a) 

are dissolved in 30 ml pyridine with vigorous agitation. 

15 13.5 g (0.13 mole) acetic anhydride are introduced in 

such a way that the addition takes place within 10 min. 

and the temperature of the reaction mixture does not 

exceed 20 *C. Once the acetic anhydride has been added, 

agitation is continued for 1 hr. (TLC or HPLC on a sample 

2 0 will indicate the end of the reaction by the 

disappearance of the starting corticosteroid) . The 

reaction time should not be extended beyond the indicated 

period in order to prevent acylation on the Oil 

hydroxyl. Upon completion of the reaction, 130 ml of a 

25 10% aqueous solution of HCl are added, maintaining the 

reaction mixture for 30 min. with agitation. 

Subsequently, three times, 75 ml methylene chloride (each 

time) are added to extract the triester formed. The 

solution of the organic extract is washed 3 times with 

30 100 ml water (each time) , and is maintained for 12-14 hr. 

with anhydrous MgSO^ to dry the said solution. 

Concentration to dryness of the organic extract 
gives an oil which is treated with ethyl ether/petroleum 
ether (40/60 fraction) 1/3. The precipitate obtained is 
recrystallized from methylene chloride/petroleum ether 
5 1/4, obtaining 12.5 g pregna-1 , 4 -diene-3 , 20-dione , 

16, 17,2 1-tr is- (acetyloxy) -11-hydroxy (110, 16a) of 98- 
98.5% purity. 
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EXAMPLE IV 

Formation of pregna 1 , 4-diene-3 , 20-dione- 
16, 17,21-tris (acetyloxy) -6,9-dif luoro-11- 
hydroxy-(6a, 11/3, 16a) 

10 g pregna-l,4-diene-3, 20-dione-6 , 9-dif luoro- 
11,16, 17, 21-tetrahydroxy-(6a, 11/3, 16a) (0. 024 mole) are 
dissolved in 110 ml pyridine heated to 50*C to facilitate 
dissolution in a 500 ml reactor, equipped with mechanical 
agitation, a thermometer, and an addition funnel; the 
mixture is cooled, and once the corticosteroid is 
completely dissolved, 19.4 g (0.19 mole) acetic anhydride 
are slowly added with vigorous agitation (45*C), 
continuing to stir for 3 hr. and subsequently for 1 hr. 
more at 45 # C. This time period can be extended somewhat. 
A sample in TLC or by HPLC will indicate the end of the 
reaction. Subsequently, 300 ml aqueous solution of 10% 
HC1 are introduced, continuing to stir the mixture for 45 
min.; finally, the triester formed is extracted three 
times with 80 ml methylene chloride [esch time), and the 
organic extract is kept over MgSCL. The solution is 
evaporated to dryness, and the oil obtained is treated 
with 50 ml ethyl acetate and 150 ml petroleum ether 
(40/60 fraction) with agitation for 1 hr. 

The precipitate obtained is recrystallized in 
ethyl ether/petroleum ether 1/4, obtaining 11.8 g pregna- 
1 , ^i-diene-3, 20~dione-l6 , 1? , 21 - tris - ( a -z etyloxy. ) -6 , 9 - 
difluoro-ll-hydroxy-( 6*(,ll/> , l6X) with a purity of 
96 , 5;*. 

The structure and relevant spectroscopic properties of th 
compounds whose synthesis is described in the above exam- 
ples are set forth in Table I. 
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FQRMATION OF (22R.S-) AND (22S)- DERIVATIVES 

£ EXAMPLE V 

Synthesis of (22R,S)- pregna 1 , 4-diene-3 , 20-dione, 
16, 17-[ [cyclohexylmethylidynejbis (oxy) ] 
5 -ll-hydroxy-2l-(2-methyl-l-oxo-propoxy) -(11£ , 16a) 

55 ml anhydrous dioxane are placed in a 500 ml 

reactor provided with mechanical agitation and an 

addition funnel, and 8 g (0.014 mole) pregna-l,4-diene- 

3 , 20-dione, 16, 17 , 2l-tr is- (2-methyl-l-oxo-propoxy) -11- 

10 hydroxy- (11/3, 16a) are dissolved in it; subsequently the 

mixture is stirred for 30 min., and 45 ml dioxane HCl 
containing 13% HCl gas are added slowly, and finally, 
dropwise, 1 ml 70% perchloric acid in glacial acetic acid 
(taking on a reddish color) is kept for 190 hr. with 

15 agitation and then heated to 40 # C for 12 hr. It is 

possible to estimate whether the reaction is complete 
with an aliquot of the reaction product, analyzing a 
sample by HPLC under the conditions stipulated below. 

Once the triester has disappeared from the 

2 0 reaction mixture, the reaction is considered to be 

terminated; adding 200 ml methylene chloride, the .mixture 
is treated with 500 ml 5% K 2 C0 3 in aqueous solution, with 
vigorous agitation in a separatory funnel, and the 
organic mixture is washed three times with 80 ml water 

25 (each time) . Once decanted, the organic phase is kept 

over on anhydrous MgSO^ for drying, and is concentrated 
to dryness on a rotary evaporator; an oil remains, which 
upon treatment with 25 ml methylene chloride and 150 ml 
petroleum either (40/60 fraction) yields 8.52 g crude 

30 product which is purified either by recrystallization in 

ethyl ether/petroleum ether or by passing through a 
column with Sephadex LH-20 as the stationary phase and 
ethanol-free chloroform as the mobile phase, obtaining 8 
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g (22R,S)-pregna-l,4-diene-3,20-dione, 16 , 17 j-^yclohexyl- 
£t methylidynej-bis (oxy ^-ll-hydroxy-21- (2-raethyl-l-oxo- 

propoxy) - (11/?, 16a) in a purity of 98.5-99% and with an 

epimer proportion of 45/55% to 50/50%. 
5 The mixture of epimers is resolved by 

preparative HPLC, using a 7^m Lichrosorb RP-18 column 

(250 x 10mm i.d.) and ethanol/water as the mobile phase, 

and obtaining the (22R)- epimer practically pure and the 

(22S)- epimer in a purity greater than 99%. 
10 The product containing the (22R,S)- mixture can 

also be purified without having to use column 

chromatography by a method which is described in the 

following example. 

EXAMPLE VI 

15 Obtainment of (22,5)- pregna 1 , 4-diene-3 , 20-dione 

16, 17-[ [cyclohyxyl-methylidyne] bis (oxy) ]-ll- 
hydroxy-21- (2-methyl-l-oxo-propoxy) - ( 11£ , 16a) 

55 ml anhydrous dioxane are placed in a 500 ml 

reactor and 8g (0.014 mole) pregna-1 , 4 -diene-3 , 20-dione , ^ f/hy^Xy- 

2 C 16,17, 21-tris-(2-methyl-l-oxo-propoxy) /:r (ll/3,16a) - and 4 . 3 

g (0.038 mole) cyclohexane carbaldehyde are dissolved, 
next adding 1 g p-toluenesul f onic acid and 50 ml dioxane- 
HC1 (containing 13% HC1 gas) , which is introduced slowly 
over a period of 30 min. Agitation is continued for 200 

25 hr., and the-end of the reaction may be estimated by 

analyzing the mixture of HPLC under the conditions 
indicated below. Once the acetal is formed, 200 ml 
CL 2 CH 2 are added to the reaction mixture and treated with 
500 ml 5% K 2 C0 3 in aqueous solution to eliminate the 

3C acidity. Following this elimination, the product is 

washed three times with 80 ml water; the solution is 
dried over MgS0 4 and brought to dryness in a rotary 



evaporator. The oil obtained is treated with 25 ml 
CI^C^ and 50 ml petroleum ether (40/60 fraction) . The 
solid collected, 5.3 g, is purified by the method 
described below. 

5.2 g of crude are dissolved in 300 ml 96* 
ethanol and 50 ml acetone in a 500 ml flask provided with 
vigorous mechanical agitation and an addition funnel. 80 
ml water are slowly added dropwise with vigorous 
agitation, so that the addition process is completed 
within 6 hrs. Once all the water has been added, the 
precipitate formed is stirred for 2 hrs., filtered and 
washed with water, and the product dried in a 40' oven, 
obtaining 4.5 g (22S)- pregna-1 , 4-diene, 3 , 20-dione, 
16, lTficyclohexylmethylidyn^-bis (oxy))-ll-hydroxy-2 1- ( 2- 
methyl-l-oxo-propoxy)- (11/3, 16a) in a purity greater than 
99%. 

This method is extended, with small variations, 
to purification of the remaining compounds, and is not 
limited to the examples indicated. It is also possible 
to employ column purification using Sephadex LH-20 as the 
stationary phase and ethanol-free chloroform as the 
mobile phase. Within this purification there is a first 
very pure fraction of the S epimer and a second fraction 
in which the ratio of R and S isomers may fall in the 
range of 2/98%, respectively. 

EXAMPLE VII 

Formation of (22R,S)- of pregna 1 , 4-diene-3 , 20-dione- 
21-(acetyloxy) -ll-hydroxy-16 , 17- (pentylidene) 
bis(oxy)-(110,16oO 
8 g (0.016 mole) pregna-1 , 4-diene-3 , 20-dione- 
16, 17, 21-tris-(acetyloxy) -11-hydroxy- ( lip, 16a) ere 
dissolved in 60 ml anhydrous dioxane in a 500 ml flask, 
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provided with a thermometer, mechanical agitation, an 
P addition funnel and waterbath; subsequently, 4 g (0.04 6 

mole) valeraldehyde are added and, slowly, dropwise, with 
vigorous agitation, 60 ml dioxane HCl (containing 13% HC1 
5 gas) . Once addition of the dioxane is complete, 1 ml 70% 

perchloric acid in glacial acetic acid is introduced, 
heating the product to 50*C for 200 hrs. Running a 
sample through TLC or HPLC will indicate whether the 
reaction is complete by the appearance of two peaks of 

10 the epimers and the disappearance of the triester of the 

reaction. Upon completion of ketalization, 175 ml 
chloroform are added, vigorously agitating the mixture in 
a separatory funnel with 510 ml aqueous solution of 5% 
K 2 C0 3 . If a pH below 6 persists in the organic phase, 

15 additional treatment with an aqueous solution of K 2 C0 3 is 

performed until the excess acidity is eliminated. The 
organic phase is washed three times with 100 ml water 
(each time), and is kept for 14 hr. over MgS0 A ; the 
filtered organic phase is brought to dryness in a rotary 

20 evaporator, yielding an oil which when treated with 50 ml 

ethyl ether and 170 ml petroleum ether (40/60 fraction) 
gives a crude solid of 6.5g. 

The following procedure is performed for the 
purification of this product: 

25 A mixture of 39 ml acetone, 65 ml 96 # ethanol, 

and 104 ml water are placed in a 250 ml flask, and 6.5 g 
of the crude product obtained previously are suspended 
while agitating vigorously, and this agitation is 
continued for 3 hr.; the product is then filtered, washed 

30 with wa:er, and dried in an oven at 45*C, giving 5.7 g 

(22R,S) - pregna-1, 4-diene-3 , 20-dione, 21- (acetyl oxy) -11- 
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hydroxy-16, 17- (pentylidene) -bis- Coxy) -(110, 16a) in a 
purity of 99,5%. The ratio of R/S epimers is 45/55. 

The resolution of the epimers is achieved 
similarly according to the characteristics indicated in 
5 Example V . 

EXAMPLE VIII 

Formation of (22S)- pregna 1 , 4-diene-3 , 20-dione-2l- 
(acetyloxy) -ll-hydroxy-16 , 17- (pentylidene) - 
bis-(oxy)-(ll£, 16a) 

10 8 g (0,016 mole) pregna-1 , 4-diene-3 , 20-dione, 

16, 17, 2l-tris-(acetyloxy) -11-hydroxy- (11/3 , 16a) are 
dissolved in 65 ml anhydrous dioxane in a 500 ml reactor 
provided with mechanical agitation and an addition 
funnel, and subsequently 4 g (0.04 6 mole) valeraldehyde 

15 and 1.2 g p-toluenesulf onic acid are introduced, followed 

by the dropwise addition with vigorous agitation of 60 ml 
dioxane-HCl (13 wt% HC1) • Once added, agitation of the 
product is continued at 50 *C for the period of time 
necessary for the triester to disappear from the reaction 

20 mixture. The reaction is followed by HPLC, whereby the 

formation of the S epimer is visualized perfectly. TLC 
only reveals elimination of the triester, so that the 
first method is more advisable. The reaction time 
fluctuates between 100' and 150 hr. The reaction mixture 

25 is then treated with 120 ml chloroform and 60 ml 

methylene chloride. The organic solution is treated with 
a 5% K 2 C0 3 solution in order to eliminate the excess 
acidity and is washed three times with water; the 
residual water is eliminated by allowing it to stand over 

3 0 anhydrous MgS0 4 . The organic phase is brought to 

dryness, and the crude product in the form of an oil is 
treated with a mixture of 25 ml ethyl ether, 25 ml 
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methylene chloride, and 175 ml petroleum ether (4 0/60 
fraction) ♦ 4.5 g solid are obtained, which is purified 
according to the method followed in the preceding 
example . 

EXAMPLE IX 

Formation of (22R,S)- pregna 1, 4-diene-3 , 20-dione- 
16 , 17- (cyclohyxyl methyl id ine) -bis- (oxy) - 
6, 9-dif luoro-ll-hydroxy-21- (methyl -1-oxo- 
propoxy) -(llj9, 16, a) 

100 ml anhydrous dioxane heated on a water bath 

to 35*C are placed in a 500 ml reactor equipped with a 

water bath, addition funnel, and mechanical agitation; 

under agitation, 8,8 g (0.014 mole) pregna-1 , 4-diene- 

3 , 2 0-dione, 16,17, 2l-tris- ( 2 -methyl -1-oxo-propoxy ) -6,9- 

dif lucro-ll-hydroxy- (6a, 110, 16oc) are added in small 

portions while agitating (a portion of the triester 

should not be added until the previous fraction has 

dissolved completely) . Once all of the triester has been 

added and dissolved completely, the product is kept 

between 15-18 # C for several minutes while agitating, and 

4.5 g (0.04 mole) cyclohexane carbaldehyde and 1 . 1 ml 70% 

perchloric acid in glacial acetic acid are added. 

Finally, 50 ml anhydrous dioxane containing 13-14% HC1 

gas by weight is slowly added and continuously stirred at 

room temperature during the time necessary for the 

triester to disappear from the reaction mixture. Once 

the reaction is complete, 250 ml chloroform are added; 

the mixture is treated three times in a separatory funnel 

with 250 ml of a 5% aqueous solution of K 2 C0 3 each, and 

washed again three times with 100 ml water each time. 

The organic phase is kept over anhydrous MgSO^ or another 

suitable drying agent; the organic solution is 
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concentrated to about 1/5 of its volume and is treated 
£ with 300' ml ethyl acetate, continuing to stir the mixture 

for 2 hr. at 30-C. Subsequently, the solution is cooled 
and kept overnight at -10 -c. Finally, it is concentrated 
5 to dryness, and the oil obtained is treated with 50 ml 

ethyl ether and 180 ml petroleum ether. The solution is 
kept cold during 24 hr. , yielding a precipitate of 7 . 5 g 
( 2 2R, S) - pregna-1 ,4-diene-3,20-dione, 16,17- 
(cyclohexylmethylidine) -bis- (oxy ) -6, 9-dif luoro-U- 
10 hydroxy-21 (methy 1-1-oxo-propoxy) - (11/?, 16a) . This 

product can be purified by the method indicated in 
Example VII , and in this manner a yield of 7 g is 
obtained, with a purity of 99-99.5% and a proportion of 
R/S epimers of approximately 40/60%. 
15 The resolution of the epimers is achieved 

similarly according to the characteristics indicated in 
Example V 

EXAMPLE X. 

Formation of (22S)- pregna-1 , 4-diene-3 , 20-dione- 

2 0 16, 17- r (cyclohexylmethylidine) -bis- (oxy )j-6 , 9- 

dif tuoro-11 -hydroxy-21- (s-methy 1-1-dxo- 
propoxy) -(11/3, 16a) 

120 ml anhydrous chloroform, 4,5g (0.04 mole) 

cyclohexane carbaldehyde and 1 g p-toluenesul f onic acid 

25 are placed in a 1 L reactor provided with a water bath, 

a reflux condenser, a Dean-Scark trap, a magnetic 

stirrer, thermometer and addition funnel. While 

vigorously agitating and in aliquots 8.8 g (0.014 mole) 

pregna-1, 4 -diene-3 , 20-dione, 16 , 17 , 21-tr is- ( 2-methyl-l- 

3 0 oxo-propoxy) -6 r 9-dif luoro-ll-hydroxy ( 6a, 110 , 16a) are 

added in small aliquots in such a way that no new aliquot 
is added until the previous one has been dissolved. 
Finally, 100 ml chloroform containing HC1 gas dissolved 



-29- 



in an approximate proportion of 10 wt% are added, and the 
product is kept under vigorous agitation for 5 hr. at 
room temperature. Subsequently, the product is 

maintained under very mild reflux (water is collected in 
the Dean-Stark trap during the process) along the time 
necessary for the reaction to be completed, i.e., until 
no more triester exists in the reaction mass. This can 
be checked by taking a snail sample from the reactor, 
first neutralizing it, and then estimating the end of the 
reaction by HPLC. It is advisable to add an additional 
10-15 ml chloroform-hydrochloric acid during the process. 

200 ml methylene chloride are added to the 
reaction mixture; the mixture is treated three times with 
200 ml 5% K 2 C0 3 in aqueous solution, and subsequently 
washed three tiroes with 80 ml water each time. The 
organic solution is left overnight, drying with anhydrous 
MgS0 A or another conventional drying agent, brought to 
dryness, and the oil obtained is treated with 200 ml 
toluene for 2 hr. , with agitation. The oil is collected 
by decantation and is diluted in 50 ml methylene chloride 
and 20 ml tert-roethyl-butyl ether, and the solution 
obtained is precipitated with 75 ml petroleum ether 
(40/60 fraction), increasing the quantity of the said 
ether (if necessary) up to the point of complete 
precipitation. It is advisable that he petroleum ether 
be added slowly, with vigorous agitation. The solid 
collected, 7.2 g, is purified by the following procedure. 
7.2 g of the product obtained previously are dissolved in 
a flask which contains 150 ml 96* ethanol and 200 ml 
acetone; under stirring vigorously, 200 ml water are 
added slowly, dropwise, so that complete addition of the 
water is achieved within 6 to 7 hr. The precipitate 
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formed is stirred for 2 hr., after which the precipitate 
obtained is filtered and washed with water and dried in 
a 40-45 # C oven, given 6.5 g pregna-1 , 4-diene-3 , 20-dione, 
16 , 17- (cyclohexylmethylidine) -bis (oxy ) -6 , 9-dif luoro-11- 
hydroxy-21 ( 2-methyl-l-oxo-propoxy) -(11£, 16a) in a purity 
above 99%. The ratio of the R/S isomers corresponds to 
1/99%, respectively. 

A similar process is that followed in the 
formation of the different acetals of pregna-1 , 4-diene- 
3, 20-dione, 11 , 1 6 , 17 , 21-tetrahydroxy- ( 110 , 16a) , pregna- 
1 , 4-diene-3 , 20-dione, 6 , 9 difluoro- 11, l6, 17, 21 - 
Tetrahydroxy (6c< , lip , l6°() vrith valeraldehyde , 
cyclohexane carbaldehyde, benzaldehyde , 

and isovaleraldehyde for the formation of the 2l-esters 
(22R,S)- (22S)- of the corresponding compounds, and it is 
possible by preparative HPLC to achieve the separation of 
(22R)- and (22S)- from the mixture. 

The structure of the compounds and 
their most significant spectroscopic properties are 
compiled in Table II. 
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EXAMPLE8 OF PHARMACEUTICAL PREPARATIONS 

|l The following and non-limitative examples 

illustrate the formulations intended for different 
topical forms of administration. The amount of active 
5 steroid in thepercutaneous formulations are ordinarily 
0.001-0,2% (w/w) preferably 0.01-0.1% (w/w) . 

formulation 1, Ointment 

Steroid micronized 0.025 g 

Liquid paraffin 15 g 

10 White paraffin a.d. 100.0 g 

Formulation 2, Ointment 

Steroid 0.025 g 

Propylene glycol 6.0 g 
Arlucel 83 (sorbitan sesquioleate) 6.0 g 

15 Liquid paraffin 15.0 g 

White paraffin a.d. 100.0 g 

Formulation 3, 0/W Cream 

Steroid 0.025 g 

Cetyl alcohol 7.0 g 

20 Glyceryl monostearate 4.0 g 

Soft paraffin 15.0 g 

Polyglycol 1500 3.0 g 

Citric acid 0.1 g 

Sodium citrate 0.2 g 

2 5 Propylene glycol 2 0.0 g 

Water a.d. 100. 0 g 

formulation 4 . 0/W Cream 

Steroid micronized 0.025 g 

Soft paraffin 20.0 g 

30 Liquid paraffin 5.0 g 

Cetyl alcohol 5.0 g 

Tween 65 3.0 g 

Span 60 1.0 g 

Citric acid 0.1 g 

35 Sorbic acid 0.2 g 

Sodium citrate 0.2 g 

Water a.d. 100.0 g 



10 



15 



20 



25 



30 
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Formulation 5. W/O Cream 



Steroid 


0.025 g 


Soft paraffin 


35.0 


g 


Liquid paraffin 


8.0 


g 


Arlacel 83 


5.0 


g 


Sorbic acid 


0.2 


g 


Citric acid 


0.1 


g 


Sodium citrate 


0.2 


g 


Water a.d. 


100.0 


g 


Formulation 6, Lotion 






Steroid 


0.025 g 


Isopropanol 


* 50.0 


ml 


Carbopol 94 0 


0.5 


g 


NaOH 


q.s. 


Water a.d. 


100.0 


g 


Formulation 7. Tniectable susDension 




Steroid Micronized 


0.05 - 10 


mg 


Sodium carboxymethylcellulose 7 


mg 


Sodium chloride 


10 


mg 


Tween 80 


0.5 


mg 


Benzyl alcohol 


8 


mg 


Water for injection 


1.0 


ml 


Formulation 8. Pressurized 


Aerosol for 


Oral 


Inhalation 






Steroid micronized 


0.1% 


w/w 


Sorb it on trioleate 


0.7% 


w/w 


Thrichloro-f luoromethane 


24.8% 


w/w 


Dichlorotetraf luoromethane 


24.8% 


w/w 


Dichlorodif luoromethane 


49.6% 


w/w 


Formulation 9. Solution for 


Atomization 




Steroid 


7.0 


mg 


Propylene glycol 


5.0 


g 


Water a.d. 


10.0 


g 


Formulation 10. Powder for 


Inhalation 





and Nasal 



35 A capsule filled with a mixture of 

Steroid micronized 0.1 g 

Lactose 20 mg 

The powder is inhaled by means of an appropriate device. 



PHARMACOLOGIC TESTS 
All of the steroids described in this invention 
are pharmacologically active compounds. The 
glucocorticoid activity of these products was studied in 
comparison with that of budesonide: pregna-1 , 4-diene- 
3 , 20-dione, 16, 17-butylidenebis (oxy) -11-21-dihydroxy- 
(ll£,16a). The pharmacologic action on the acetonides 
triamcinolone acetonide and flunisolide was also studied. 

Anti-inflammatory effects of the compounds were 
screened in the cotton pellet granuloma bioassay for 
identification of lead compounds. (Mei et al., 

Experiment i a 6, 469, 1950). Male Wistar rats were used, 
ranging in weight between 90 and 120 g, at the rate of 10 
animals per group, previously identified and quartered in 
individual cages. The animals had free access to feed 
and drink throughout the trial. 

Cotton pellets weighing exactly 20 mg were 
prepared, sterilized for 2 hr. at 160'C soaked with 50.^1 
solution of the product or with the solvent before 
implantation, and subsequently the solvent is evaporated 
before application. The implantation was performed 
subcutaneously in the axillary zone of the animals 
previously anesthetized with ether (right axilla pellet 
with product, left axilla pellet with solvent). Animals 
in which pellets without product were implanted were used 
as controls. 

The drug was applied in alcohol solution at 4 
dosage levels. Once the pellets were implanted, the 
animals were kept under normal rearing conditions, 
isolated for 7 days and then weighed, after which they 
were sacrificed by exsanguination. 



-3 it- 
Extraction and weighing of the thymus and 
» adrenals were performed in all animals and a flucrometric 

determination of the Cortisol plasma levels was Bade. We 
consider the variation in these parameters indicative of 
5 the systemic glucocorticoid activity of the products. 

The topical activity was determined by the 
inhibitory effect on the weight of the cottor.-pellet- 
induced granuloma; the granulomas were extracted and 
weighed (pellet and connective tissue surrounding them, 
10 dried for 24 hr in a 60 # oven, and weighed) . 

The results are in the Tables Ilia and Illb. 
Anti-inflammatory ED 50 (topical effect), thymus 
inhibition ED 50 (systemic effect) , therapeutic index 
(systemic ED 5( /topical ED 50 ) , and the therapeutic index 
15 relative to budesonide (= 1) . 

All of the ED 50 values were calculated from the 
linear regression lines with the confidence linits. 

The products that are the object of the present 
invention have shown in the pharmacologic studies 
20 performed a low systemic effect in relation to the 

topical pharmacologic activity found. The difference 
becomes even more evident when the reference products, 
budesonide, flunisolide, and triamcinolone acetonide are 
compared; effective local pharmacologic activity and low 
25 systemic glucocorticoid response are demonstrated . 
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1 ABLE in 

LOCAL PRAXKACXXOGI C ACTIVITY A» SYSTEMIC GILKXCORT 1COID 
EfFECTS EXPRESSED AS ED S0 pg/pcllet 



COMPOUND 


EP1MER 


TOPICAL 

AHTI-IKFLAHMA10RT 
ACTIVITY 
(Cotton Pel let) 


SYSTEMIC 

GLUCOCORTICOID 

ACTIVITY 

(Thymus inhibition) 


THERAPEUTIC 
INDEX 

SYSTEMIC ED S0 / 
TOPICAL ED<^ 


THERAPEUTIC 
IMDCX VITK 
RESPECT TO 
ftjDCSOKIDE 




22 R r S 


21.7 
(17-27.7) 


614.7 
(27V. 6-1351) 


28.3 




e 


22 S 


20.5 
(16.9-25.6) 


60S 

(359.3-1228.3) 


29.6 


27.2 


9 


22 ft 


25.4 
(18.2-31.1) 


667.1 
(321.4-1469.2) 


26.2 


24.5 


10 


22 R.S 


59.9 
(59.3-60.3) 


583.2 
(236.2-1440) 


9.7 


8.9 


11 


22 S 


43 

(38.4-58) 


555.3 
(296.3-1387.3) 


12.9 


11.8 


12 


22 ft 


74.7 
(85.3-65.1) 


592.2 

(265.1-1342.9) ! 


7.9 


7.2 


13 


22 R,S 


4.5 
(3.7-5.5) 


54 

(35-83.3) 


12 


11 


U! 


22 S 


3.6 
(3-4.5) 


49 

(30.7-76.2) 


13.6 


15 


IS 


22 ft 


5.2 
(3.6-6) 


56.3 
(29.8-88.3) 


10.8 


9.9 


BUD E SON IDE 


22 R.S 


163.6 
(125.1-213.9) 


178.6 
(81.3-392.6) 


1.09 


1 I 


TRIAMCINOLONE 
ACEIONIDE 


22 R,S 


220.7 
(198.1-245.7) 


156.4 • 
(1U. 7-169) 


0.7 


0.6 


F LUH I SOL I OE 


22 R.S 


351.6 
(268.8-459.9) 


156 

(188.3-224.8) 


O.U 


0.4 
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CLAIMS 

1. A compound of the formula 




15 wherein R 1 is 2-propyl, l-butyl, 2 -butyl, cyclohexyl or 
benzyl ; and 

R 2 is acetyl or isobutanoyl. 
2. A compound of the formula 



20 



25 



CH -0R 2 




(II) 



30 



35 



wherein R 1 and R 2 are as defined in claim 1, except that R t 
is not 2 -propyl. 

3. A compound according to claim 1 or claim 2, in the 
form of the (22S) -epimer. 

4. A compound according to claim 1 or claim 2, in the 
form of the (22R) -epimer. 



T 
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5. A compound of the formula 



CH^-OR 




CH 2 -OR 




wherein R is as defined for R 2 in claim 1. 

6. A process for the preparation of a compound according 
to any preceding claim, which comprises subjecting a 
corresponding compound according to claim 5 to selective 
hydrolysis at C-16 and C-17, in an anhydrous solvent 
containing dissolved hydrogen chloride gas, and reaction 
with a corresponding aldehyde of the formula R^HO. 

7. A process according to claim 6, wherein the solvent is 
dioxane, CH 3 C1 or CH 3 C1. 

8. A process according to claim 6 or claim 7, wherein the 
solvent contains 10 to 15 wt% HCl. 

9. A process according to any of claims 6 to 8, which is 
conducted at room temperature. 



40 

10. A process according to any of claims 6 to 9, which is 
conducted in the presence of perchloric acid, p-toluene- 
sulfonic acid or another catalyst. 

11. A process according to claim 6, substantially as 
5 exemplified herein. 

12. A compound according to any of claims 1 to 4, for use 
in therapy. 

13. A pharmaceutical composition comprising a compound 
according to any of claims 1 to 4 together with a 

10 physiologically-acceptable carrier. 

14. Use of a compound according to any of claims 1 to 14, 
for the manufacture of a topical medicament for anti- 
inflammatory use. 
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